Introduction
Interest in investigating the coordination chemistry of hydroxamic acids lies in their pertinence to the field of biology 20 and their ability to act as selective inhibitors of histone deacetylase, urease and matrix metalloproteinase enzymes, to name but a few, 1 leading to therapeutic applications as antifungal, anti-tuberculosis, anti-osteoarthritis, anti-hypertension and anti-cancer agents. 2 One such ligand at the forefront of our 25 research is 2-(dimethylamino)phenylhydroxamic acid (L 1 H 2 in Scheme 1). Previous studies using this ligand have produced some interesting results which include an heptanuclear [Ni 7 ] complex comprising a ferrimagnetic ground state and unique hydroxamate ligand binding modes 3 a family of metallomacrocycles first synthesised and categorised by Pecoraro et al. 5 Since this discovery an ever growing number of metallacrowns comprising many different metal ions (Cu(II), Mn(II/III), Fe(III), Co(II), Ni(II), Ln(III) etc) with numerous 35 topologies (currently ranging from 9-MC-3 to an impressive have been reported using a myriad of organic bridging ligands to achieve them. 5 Furthermore these aesthetically pleasing complexes have regularly shown to be viable target molecules due to their solution stablility, selective cation and anion binding, 40 ligand exchange capabilities and in their use as building blocks towards extended architectures. As a result such moieties have applications in fields such as catalysis, 6 molecular recognition, 7 selective substrate sorption, 8 and luminescent 9 and magnetic materials. 
Results and Discussion
With these thoughts in mind we describe here the use of L 1 H 2 and its analogue 2-(amino)phenylhydroxamic acid (L 2 H 2 ) to form an extended family of 12-MC Cu(II) 5 ] metallacrowns whose terminal ligands may be exchanged in a controlled and 50 progressive manner ultimately towards the self-assembly of 1-and 2D extended networks comprising [Cu (II) 5 ] nodes. These are the first to be formed using pyridyl connector ligands and are extremely rare examples of [Cu 5 ] metallacrown coordination polymers. Fig. 2 ). These H-bonds link the individual {Cu 5 } units together, resulting in the formation of zig-zag rows that propagate along the c direction of the unit cell. These separate rows then arrange along a with alternating wave-like phases (Fig.   30 3). Examination of the molecular structure of the cation of 1 revealed several opportunities for exploitation, by taking advantage of the coordinative flexibility of the Cu(II) ion, the vacant coordination sites on some of the Cu ions, and the 10 potential for substituting the terminally bound alcohols on Cu2 and Cu3. Addition of 1 cm 3 (12.4 mmol) of pyridine to the experimental procedure employed in the production of 1 led to the formation of the analogous metallacrown [Cu 5 (L 1 ) 4 (py) 2 ](ClO 4 ) 2 ·py (2) (Fig. 1, middle) . Complex 2 15 crystallises in the triclinic P-1 space group in ~15% yield. The core in 2 closely resembles that of 1, however it differs in two significant ways. Firstly the central Cu(II) ion (Cu1) once again possesses four equatorial Cu-O oxime bonds (Cu1-O1 = 1.915 Å, Cu1-O2 = 1.933 Å) but also exhibits two long axial close contacts 20 with the two symmetry equivalent, charge balancing, ClO 4¯ anions (Cu1-O5 = 2.681 Å), which sit above and below the distorted {Cu 5 } core, respectively. The second major difference is the puckering of the {Cu 5 } core in 2 compared to that of 1, as highlighted in Figure 2 (middle). This is due to the presence of 25 the two terminally bonded pyridine ligands attached to Cu2 (and s.e.) (Cu2-N3 = 2.006 Å). More interestingly, although the additional (or addition of) pyridine in 2 does not alter the distorted square-based pyramidal coordination geometry of Cu2 and its symmetry equivalents ( = 0.024), 11 Fig. S1 ).
An even greater excess of pyridine (5 cm based pyramidal in 2), with elongated axial bonds forged by one pyridine ligand (N7) and one -NMe 2 group (N2) at distances of Cu2-N7 = 2.532 Å and Cu2-N2 = 2.666 Å. The bonding at Cu3 (and s.e.) is also different to that in 2. Cu3 exhibits distorted square-based pyramidal geometry with the axial bond being to a architectures comprise carboxylate-based or alkali metal linker moieties and whose {Cu 5 } nodes possess different internal bridging ligands to that present in 4. 8, 13 It should be noted that the integration of structurally related metallocyclic complexes into extended network materials is also known in the literature and 15 includes two examples containing connector pyridyl ligands. Space group C2/c P-1 P-1 P-1 a/Å 17.9896 (7) 11.283(2) 11.3067 (3) 11.3776 (7) b/Å 12.2939 (4) 11.482(2) 12.7372 (5) 12.6211 (9) c/Å 23.8922 (9) 13.688 (3) 13.2511 (4) The extended architecture in 4 comprises rows of {Cu 5 } moieties propagating along the a cell direction and are connected by two ditopic 4,4'-bipy ligands. These are axially bonded to the central Cu(II) ions (Cu1 and s.e.) at N4 and the outer Cu2 ions (N3) 10 respectively, with rather long bond lengths of Cu1-N4 = 2.495 Å and Cu2-N3 = 2.294 Å. A third dipyridyl ligand in 4 acts as a connector in between these 1D chains to form covalent 2D sheets, giving rise to a [4, 4] and C14(H14) … O5 = 2.614 Å (Fig, 6) . A water of crystallisation is also present within these 2D planes and was modelled isotropically as disordered over two sites (50:50 occupancy). The introduction of the ditopic ligand 4,4-azopyridine (4.4-azp) to the reaction used in producing the 2D net 4 gives rise to a 1D coordination polymer of formula {[Cu 5 (L 1 ) 4 (4, azp) 2 (MeOH) 2 ](ClO 4 ) 2 } n (5). Complex 5 crystallises in the monoclinic P2 1 /n space group (Z = 2) in ~12% yield (Fig. 7a ). This change in connectivity (1D (5) vs. 2D (4)) is presumably due to the -N=N-bridges of the 4,4-azopyridine ligands (bonding to Cu2 and symmetry equivalents; Cu2-N5 = 2.277 Å), which show 60 trans conformations in the crystal structure, leading to a zig-zag chain topology. The chains in 5 stack on top of one another in an off-set manner along the ab plane of the cell (Fig. 7a) . Furthermore the individual chains in 5 alternate in their running direction (along a vs. along b) as we look along the c direction of 65 the cell, thus lying approximately perpendicular to one another (Fig. 7b) . Figure 8 ), was only produced using the ligand 2-(amino)phenylhydroxamic acid 10 (L 2 H 2 ; Scheme 1). No crystalline or isolable products were obtained when using 2-(dimethylamino)phenylhydroxamic acid (L 1 H 2 ). This is presumably down to simple sterics and the bulkyNMe 2 and less bulky -NH 2 moieties in L 1 H 2 and L 2 H 2 , respectivelyEach of the four outer Cu(II) centres (Cu2-5) are 15 bound to one pyrazine ligand (N9-N12) which propagate the 1D rows and results in a step-like topology (Fig. 8b) . The 1D rows develop along the a direction of the cell, while the individual rows stack in parallel inter-digitated layers along the c axis and are held in place by intermolecular interactions ( N6(H6B) ... [C9-20 C14] centroid = 3.801 Å), as observed in the 1D network in 5. The resultant H-bonded 2D sheets stack in parallel layers along the b cell direction (Fig. S3) . The {Cu 5 } nodes in 6 lie at an average distance of 9.396 Å (Cu1 … Cu1) which represents a significant reduction compared to 4 (12.62 Å) and 5 (13.51 Å). (labelled Cu1-3 and Cu4-6, respectively), which lie in close proximity to one another (Fig. S4b) Å, N5(H5B) … O13 = 2.557 Å and C12(H12)…O15 = 2.685 Å). The second counter anion (along with its symmetry equivalent) sits directly above one of the unique {Cu 5 } moieties (labelled Cu4-6), forming close contacts to Cu4 (Cu4-O17 = 2.646 Å) and Cu6 (Cu4-O16 = 2.504 Å). The [Cu 5 ] moieties in 7 pack in 30 columns along the a cell direction and these stacks then arrange themselves into the space efficient brickwork motif.
5,14
On close inspection of complexes 1 to 7 we notice that the position of their perchlorate counter anions varies significantly in relation to metallacrown proximity. Their weak coordination 35 ability means that they will frequently reside at the periphery of a crystal and this is indeed the case in 1, 3 and 4. However, the structures in 2 and 5 show the perchlorates to reside above and below their {Cu 5 } moieties, forming weak close contacts to nearby Cu(II) ions along with numerous hydrogen bonds with 40 juxtaposed metal bound ligands (i.e. -NMe 2 protons in 2; MeOH and pyridinyl protons in 5). Interestingly the structure in 7, having two {Cu 5 } units in the asymmetric unit, shows one of the two crystallographically unique ClO 4¯ anions to be weakly coordinating to one metallacrown while the other is held away 45 from the first coordination sphere of the second [Cu 5 ] unit. This observation highlights how the solvent ligands in 1-7 are able to move the anions inside or outside the metallacycle, depending on the H-bonding and coordination ability of the methanol or pyridine ligands involved.
50

Solution studies
Solid state IR spectroscopy on complexes 1-7 each gave peaks at  1590 cm -1 , 1550 cm -1 and 1100 cm -1 which are characteristic for the hydroxamate C-O, C-N and N-O stretching modes, respectively. 15 The solution behaviour of metallacrowns 1, 2 and 55 4 was analysed using mass spectrometry and UV-vis spectrophotometry. (Fig. S11) . The solution stability of the {Cu 5 (L 1 ) 4 } 2+ cores in 1 and 4 became apparent when the same solutions were re-measured after one week to give duplicitous spectra. Indeed the solution stability of similar species has been observed previously. 16 The apparent low concentration solubility For the interpretation of the magnetic properties of 1, 4 and 6 we employed the model given in the inset of Figure 10 and the following isotropic spin-Hamiltonian:
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The best-fit parameters obtained for 1 and 4 (keeping g fixed at 2.15) were J 1 = -139.77 cm -1 , J 2 = -295.31 cm -1 (1) and J 1 = -48.81 cm -1 , J 2 = -85.68 cm -1 (4) . Fitting of the data for the 1D net 
Conclusions
The ligands 2-(dimethylamino)phenylhydroxamic acid (L 1 H 2 ) and 2-(amino)phenylhydroxamic acid (L 2 H 2 ) have been 
Experimental Section
Infra-red spectra were recorded on a Perkin Elmer FT-IR Spectrum One spectrometer equipped with a Universal ATR Sampling accessory (NUI Galway). UV-visible studies were carried out on a Cary 100 Scan (Varian) spectrophotometer. All 25 spectra were normalised to unity once  value calculations were completed. Elemental analysis were carried out at the School of Chemistry microanalysis service at NUI Galway. Variabletemperature, solid-state direct current (dc) magnetic susceptibility data down to 1.8 K were collected on a Quantum Design MPMS-30 XL SQUID magnetometer equipped with a 7 T dc magnet. Diamagnetic corrections were applied to the observed paramagnetic susceptibilities using Pascal's constants. TOF-MS-ES was carried out using a Waters LCT Premier XE system coupled with a Waters E2795 separations module.
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Crystal structure information
The structures of 1-7 were collected on an Xcalibur S single crystal diffractometer (Oxford Diffraction) using an enhanced Mo source. Each data reduction was carried out on the CrysAlisPro software package. The structures were solved by direct methods 40 17 and refined by full matrix least squares using SHELXL-97.
18 SHELX operations were automated using the OSCAIL software package.
19 All hydrogen atoms in 1-7 were assigned to calculated positions. All non-hydrogen atoms were refined anisotropic except for the MeOH (C21 and O20) and H 2 O 45 (O21) molecules of crystallisation in 7. This H 2 O molecule was modelled as disordered over three sites (labelled O21A-C). The pyridine molecule of crystallisation in 2 was restrained using the FLAT command.
Syntheses
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All reactions were performed under aerobic conditions and all reagents and solvents were used as purchased. We present a family of 12-MC Cu(II) -4 [Cu 5 ] metallacrowns whose terminal solvent ligands may be exchanged in a controlled and progressive manner ultimately towards the self-assembly of 1-and 2D extended networks, depending on the nature of the ditopic connector ligand introduced.
